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Abstract. We present anisotropic, zero applied magnetic field, temperature 
dependent resistivity measurements on hexagonal, non-magnetic, YPtln and LuAgGe 
single crystals. For these materials the in-plane resistivity, p a t, is significantly higher 
than the c - axis one, p c , with p a b/pc ~ 1.4 for YPtln and s=s 4.2 — 4.7 for LuAgGe. The 
connection between the electronic structure and the anisotropic transport properties is 
discussed using density functional calculations that link the observed anisotropy with 
a specific shape of Fermi surface and anisotropy of the Fermi velocities. 
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1. Introduction 

Interest to the RAgGe and RPtln (R = rare earth) ternary intermetallics PU E] 
was recently stimulated by growth of single crystals of these materials and in-depth 
characterization of their thermodynamic and transport properties (3 Hj- Due to 
the curious combination of crystallographic (hexagonal) and point (orthorhombic) 
symmetries of the rare earths in these two families, local magnetic moment members 
of the series have complex (but tractable) anisotropic H — T phase diagrams, with 
intriguing metamagnetism as well as crystal electric field effects playing significant role 
in defining of the magnetic order YbAgGe and YbPtln were described as heavy 

fermion compounds [3J 13 IE] with YbAgGe being a rare example of the Yb - based 
stoichiometric compound demonstrating field- induced non- Fermi-liquid behavior HUj . 
YbPtln displays similar properties but with a less comprehensively determined phase 
diagram [TT] . 

The non-magnetic members of these families, LuAgGe and YPtln, have rather 
unpretentious physical properties OH], however, understanding of these materials from 
the band-structure point of view can be viewed as the first step towards comprehension 
of the rest of the series, especially since they serve as non-magnetic references in the 
analysis of the physical properties across the series. In particular, the anisotropic crystal 
structure suggests measurable anisotropy of the transport properties. Comparison of the 
experimental resistivity data with computational, band-structure results will serve as a 
test of the theoretical description of these materials and will allow for the identification 
of the qualitative features of their Fermi surfaces responsible for the anisotropy. 

2. Experimental methods and computational details 

LuAgGe and YPtln single crystals in the form of hexagonal-cross-section rods of several 
mm length and up to 1 mm 2 cross section were grown from high temperature ternary 
solutions (rich in Ag and Ge for LuAgGe and in In for YPtln), their structure and 
the absence of impurity phases were confirmed by powder X-ray diffraction (see E] 
for details of the samples' growth and characterization). For resistivity measurements 
with I\\c, clean, regular-shaped, as-grown or lightly polished rods were used. Samples 
for I\\ab measurements were cut out of thicker rods, with their length approximately 
along [110] crystallographic direction. In the case of YPtln particular care was taken to 
eliminate residues of highly conductive In flux (by polishing with subsequent etching in 
HC1) that otherwise could effect the current flowing through the sample (i.e. practically 
shorting out the sample) resulting in erroneous values for resistivity and its temperature 
dependence. The absence of any anomaly in resistivity near T c /n = 3.4 K served as an 
indication of a clean sample. 

Resistivity measurements were performed over the 2 - 300 K temperature range, 
in standard four-probe configuration with thin platinum wires attached to the samples 
by Epotek H20E silver epoxy, using the ACT option of the Quantum Design PPMS 
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instrument (/ = 16 Hz, 7 = 1 — 3 mA). For each direction of the current several samples 
were used and the results were within the error bars (~ 20%) of the measurements of 
the dimensions of the samples and the position of the voltage leads. 

Both, LuAgGe [T| and YPtln [2] crystallize in Fe2P/ZrNiAl-type of structure (P62m 
space group) with nine atoms per unit cell (Fig. QJ. The z = plane is occupied by 
Pt(Ge), In(Ag) atoms, whereas z = c/2 plane by Y(Lu), Pt(Ge) atoms. The apparent 
layered character of this structure may lead to strong anisotropy of Fermi surface. 

Electronic structure was calculated using the atomic sphere approximation 
tight binding linear muffin-tin orbital (TB-LMTO-ASA) method |T2*1 ITS] within the 
local density approximation (LDA) with Barth-Hedin ^1] exchange-correlation at 
experimental values of the lattice parameters. A mesh of 4699 k points in the irreducible 
part of the Brillouin zone (BZ) was sufficient to reach a few percent accuracy in the 
calculated conductivity tensor. 3d electrons of Ge and 4d electrons of In were included 
in the core states. 4/ electrons of Lu atom were treated as the valence states. 

With the purpose of investigating the anisotropic behavior of transport properties, 
we implement the expression for diffusion conductivity in the relaxation time 
approximation ^H] 

a a (E) oc r 

v™(k)v?(k)5[e u (k) -E] = t< v a v a > (1) 

In Eq. [H r is the relaxation time, v" = de v (k)/dk is the electronic group velocity, e v {k) 
is the energy spectrum, k and v are the wave vector and band index, and E corresponds 
to Fermi energy (Ep). 

3. Results and discussion 

3.1. Experiment 

Zero field resistivity data for different directions of the current flow in LuAgGe and 
YPtln are shown in Fig. |21 For both materials p a b > p c although in both cases the 
normalized resistivities (see insets to Fig. (a),(b)) are practically isotropic. The 
measured anisotropy in resistivity at 300 K is 4.2 (LuAgGe) and 1.4 (YPtln). It 
should be noted that given the aforementioned (conservative) estimate of the error 
bars for the absolute values of resistivity, the p(T) for YPtln may be close to being 
isotropic, whereas for LuAgGe the inequality p a b > p c is unambiguous. The residual 
resistivity ratios (RRR) are quite low, 1.5 — 2, similarly mediocre RRR were observed 
for the other members of these families [Hill]. Anisotropic susceptibility and electronic 
coefficient of the specific heat of these two materials were reported earlier (HI Ej. 
For LuAgGe Xab(300A") « -3.3 10~ 5 emu/mol, xd^OOK) » -5 10" 5 emu/mol, 
7 w 1.4 mJ/mol K 2 ; for YPtln Xab(300ff) w 6.6 10~ 5 emu/mol, xd^OOK) w 4.6 10~ 5 
emu/mol, 7 ~ 6.7 mJ/mol K 2 . The magnetic susceptibility for both compounds is 
slightly anisotropic and on a gross level temperature-independent (except for the low 
temperature, small, impurity tail). Since it is quite difficult to quantitatively account 
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for different contributions to susceptibility (Landau, core, etc.) (see e.g. [TH]) we will 
not attempt to compare the measured values with the band structure calculations. 
The electronic coefficient of the specific heat, 7, on the other hand, can be useful for 
evaluating the band structure calculations. 

3.2. Electronic structure 

The calculated total and partial densities of states (DOS) for YPtln is shown in Fig. El 
The sharp peak at -6.5 eV below the Fermi level (Ep) corresponds to In-s bands (Fig. 
HJ). These states are strongly hybridized with s-states of Pt atoms. A gap of 0.4 eV 
separates the In- and Pt-s states from the conductivity electrons band. The Pt-d states 
are localized at -4 eV and are hybridized with (i-states of Y and p-states of In atoms. 
At Ep the contribution of the electrons originating from all atoms is nearly the same 
and is proportional to the number of the corresponding atoms in the unit cell. The 
electronic specific heat coefficient jband calculated from DOS at Ep (N(Ep)) (Tabled]) 
is 4.2 mJ/mol K 2 . 

In the LuAgGe compound the Ge— s states band is separated from conductivity 
electrons band by 2 eV gap (Figs. 03 and IHJ) . This value is significantly larger compared 
to YPtln. The difference in the gap size is due to the deeper position of the Ge-s 
electrons states than In and smaller width of <i-band in Ad- compared to 5d- metals |17j . 
The Lu-4/ states are located around 5 eV below Ep within the range of the Ag-d 
states and they show a very little dispersion. In contrast to YPtln the Ep in LuAgGe 
compound is placed in pseudo-gap. The N(E F ) equals to 1.92 St/(Ry atom). This 
decrease of N(Ep) translates into four times smaller ■jband value compared to YPtln 
(Table Q). The main contribution to N(Ep) is coming from the d-states of Lu and 
p-states of Gel atoms located in the same plane as Lu. 

The comparison of the calculated, •jband, and measured, 7 ea; p, electronic specific heat 
coefficients (Table |TJ) as j exp = 7& a nd(l + A) give the value of the enhancement factor A 
(due to the electron-electron and electron-phonon interactions) of 0.4-0.6. Such A values 
are very common for ordinary metals and were observed e.g. for several alkali metals 
|18j . being attributed mainly to the electron-phonon interactions. 

To demonstrate the similarity of the electronic structures for YPtln and LuAgGe 
we calculated the Ep position using YPtln DOS for 54 valence electrons per unit cell 
(this number of electrons corresponds to LuAgGe compound without Lu-4/ states) (see 
vertical dashed line on Fig. The obtained Ep equals to 1.8 eV and is placed very 
close to the pseudo-gap in the DOS. The Ep calculated from LuAgGe DOS (Fig. EJ) 
for 90 electrons per cell (this number of electrons corresponds to hypothetic compound 
with 48 electrons from YPtln ligands plus additional 3 x 14 = 42 /-electrons from the 
rare earth) equals to -1.8 eV and is placed at the peak in DOS very similar to the one in 
YPtln. These results suggest that the rigid-band approximation could be a reasonable 
approach for the analysis of the conductivity as a function of the band filling. 

The partial contributions from the different bands to the velocity tensor < v a v a > 
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for in-plane ([100]-direction) and perpendicular to plane ([001]-direction) are shown in 
the left panels of Figs. 0] and El The sizable difference between velocity tensor in [001] 
and [100] directions is caused by larger dispersion of bands crossing Fermi level in Y-A 
direction compared to Y-K. Whereas it is difficult to single out the band responsible 
for the conductivity anisotropy in YPtln, for LuAgGe it is the Yu-d, Gel-p band shown 
in purple in Fig. |3 

This anisotropy of the Fermi velocity distribution is caused by a mainly two- 
dimensional shape of the Fermi surface (FS) of YPtln (the Fermi velocity is 
perpendicular to the Fermi surface) (Fig. |7J). At least two of the four FS sheets are 
open quasi-two-dimensional surfaces perpendicular to the [001]-direction. Such a shape 
of the FS sheets is in turn determined by the layered character of YPtln, where layers 
of Y-Pt2 atoms are separated by layers of In-Pt2 atoms. 

The FS of LuAgGe (Fig. (HJ) is somewhat different, however the open quasi-two- 
dimensional character of one FS sheet is present for this material as well. This FS sheet 
is shown in purple in Fig. El and, as seen from Fig. El its contribution determines the 
anisotropic character of conductivity in LuAgGe. 

The topology of the Fermi surfaces calculated for YPtln and LuAgGe (Figs. 
17181 suggests that search for quantum oscillations in these materials may be rather 
complicated. Besides tiny needles centered at K-point (in both materials) whose 
existence may be questionably because of numerical uncertainties, there are the T- 
centered dumbbell in LuAgGe and the T-centered hassock- (marshmallow-) shaped 
pockets in both materials which may serve as the possible candidates for de Haas - van 
Alphen/Shubnikov - de Haas studies. In addition, these pockets (as well as the quasi-2D 
sheets in YPtln) might be studied separately if FS nesting features are analyzed. 

The dependency of the [100] and [001] components of the < v a v a >-tensor as a 
function of band filling is shown in Fig. The zero energy on these figures corresponds 
to occupation of 48 electrons calculated from YPtln DOS (bottom panel) and 48 plus 
3 sets of 14-/ electrons for LuAgGe (top panel). The variation of the velocity tensors 
as a function of population in these both compounds is very similar. The mentioned 
applicability of the rigid band approximation allows us to predict (at least qualitatively) 
the increase (decrease) of conductivity anisotropy in YPtln with substitution of Pt or 
In atoms by atoms with larger (smaller) number of valence electrons. The resistivity 
anisotropy estimated from the calculated < v a v a >-tensor is in reasonable agreement 
with experiment: p a b > p c with LuAgGe being somewhat more anisotropic than YPtln 
(Table H}. 

4. Summary 

The electronic structure and transport properties were calculated and measured in 
YPtln and LuAgGe compounds. The calculated electronic specific heat coefficient 
and conductivity anisotropy are in a semi- quantitative agreement with the experiment. 
It was shown that the observed anisotropy is a consequence of the shape of the 
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Fermi surfaces of these compounds. In addition, the applicability of the rigid band 
approximation to describe the dependence of the conductivity anisotropy on non- 
isoelectronic doping is established. The calculated Fermi surfaces of YPtln and LuAgGe 
also can be used for future photoemission and quantum oscillations measurements and 
other properties of RPtln and RAgGe (R = rare earth) series. Finally, we can infer 
from this work that the Fermi surface topology of the neighboring (related) members of 
the RPtln and RAgGe series will manifest similar complexity. 
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Table 1. Experimental lattice constants in A, DOS in statcs/(Ry atom), electronic 
specific heat coefficient in mJ/(mol K 2 ) and conductivity anisotropy. 
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Figure 1. The unit cell of YPtln (hexagonal structure of ZrNiAl-type). 
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Figure 2. Anisotropic zero field resistivity of (a) LuAgGe, (b) YPtln. Insets: the 
same data normalized to p(300K). 



Electronic structure and transport properties of YPtln and LuAgGe 



10 




-10 -8 -6 -4-2 2 

E(eV) 

Figure 3. The total and partial DOS for the YPtln. Ef corresponds to zero energy 
(the unit cell contains 48 valence electrons). The energy, which corresponds to 54 
valence electrons in unit cell (number of valence electrons for LuAgGe without Lu /- 
electrons) is shown by the dashed line. The vertical scales are the same for all panels. 




Figure 4. The band structure (left panel) and [100], [001] components of velocity 
tensor as a function of energy (right panels) for YPtln. Ep corresponds to zero energy 
(the unit cell contains 48 valence electrons). The Ep, which corresponds to 54 valence 
electrons is shown by horizontal dashed line. 
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Figure 5. The total and partial DOS for the compound LuAgGe. Ep corresponds to 
zero energy (the unit cell contains 96 valence electrons). The Ep, which corresponds 
to 90 valence electrons is shown by vertical dashed line. 
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Figure 6. The band structure (left panel) and [100], [001] components of velocity 
tensor as a function of energy (right panels) for LuAgGe. Ep corresponds to zero 
energy (the unit cell contains 96 valence electrons). The Ep, which corresponds to 90 
valence electrons is shown by horizontal dashed line. 




Figure 7. The Fermi surface of YPtln. The colors of the different sheets correspond 
to the bands colors in Fig. 0] 
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Figure 8. The Fermi surface of LuAgGe. The colors of the different sheets correspond 
to the bands colors in Fig. Two red strawberry-shaped FS sheets centered near the 
centers of the dumbbell's disks are not shown. 




Figure 9. [100], [001] components of the Fermi-velocities tensor as a function of Ep 
in YPtln and LuAgGe compounds. Ep is shown by vertical dashed line. The position 
of zero energy is explained in the text. 



